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Belle 11, a flavour -factory,
a rich physics program...

o We plan to collect (at least) 50 ab ' of e"e” collisions at (or close to)
the Y(4S) resonance, so that we have:
— a (Super) B-factory (~1.1 x 10° BB pairs per ab™ ')

'on resonance'' production Q'
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in a L.=1 coherent state

— a (Super) charm factory (~1.3 x 10° cc pairs per ab™")

(but also charmonium, X, Y, Z, pentaquarks, tetraquarks, bottomonium )

— a (Super) t factory (~0.9 x 10° t* v~ pairs per ab™')

— exploit the clean e"e” environment to probe the existence of exotic
hadrons, dark photons/Higgs, light Dark Matter particles, ALPs, LLPs ...



SuperKEKRB, the first new collider in particle physics since the LHC in 2008
(electron-positron (e+ e_) rather than proton-proton (p-p))

PhaSE 1 Super
Background , Optics commissioning ~ KEKB
Feb - June 2016 -

Brand new 3km positron ring [ Belle Il detector |

Positron ring collision point
. — — 'E.___-'..‘r_
Phase 2: Pilot run 3 ——— -

Superconducting Final Focus 7
add positron damping ring
First Collisions (0.5 fb™")

April 27-July 17, 2018

Phase 3: Physics run
Since April, 2019

Electron-Positron

Nano-beams and more beam current to increase luminosity linear accelerator

Super-KEKB

Positron damping ring

E (GeV) B*, (mm) B*« (cm) 0] I (A) L (cm?s?) 35 ? 1

LERMHER | LER/HER | LERMER | (mrad) | LER/HER -2 -
KEKB 3580 | 5959 | 120120 | 11 16/12 | 2.1x10% = toreach8X10" cm s
SuperKEKB | 4.0/7.0 € 0270300 3225 | 415 K 36/26 | 80x10%

factor 20 factor 2-3 => Cllmlllate 50 ab_l by ~2030




SuperKEKB/Belle II status record of KEKB/ Belle

. . . . 2.1x10%*/cm?/ 1A
o successfully introduced this spring, crab waist for LER/HER r:(;ordc(?fl PSE(;)]JI?}E;;;%ZI-
o despite difficult conditions, continued to take data since

ch!

1.2x10°*/cm?/s currents >2A
beyond to 2.4x10%**/cm?/s !

> 1fb™" per day Tune 20, 2020 currents ~ 0.6-0.7 A 061972020 23:59 - 06/20/2020 23:59 JST

Peak L 2.393 [10%*/cm?/s] @ 2020-06-20 25:18 HER [k 610.1 [m] sy 60 1.00[mm] Ny 978  Physics R
Int. L/day 1084.64 / 1324.42 [/pb] LER Ipeqy 7205 [ma] Bw"‘: 80,/ 1.00 [mm] ny. 978  Physics Run
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w2 e — Reduce beam -tail,
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6/20/2020 — then keep squeezing: p, » 0.3 mm




Beue II dEtECtOr K, and muon detector

Resistive Plate Counter (barrel )

Scintillator + WLSF + MPPC

EM Calorimeter: CsI(Tl)
(endcaps)

waveform sampling |\ 77777

T

Particle Identification
Time-Of-Propagation
counter (barrel )

/

Prox . focusing Aerogel RICH

Central Drift Chamber
He (50%):C,H, (50%)
small cells, long level arm,

fast electronics

Vertex Detector

1/2 layers DEPFET
+

4 layers DSSD

F__

on-going DAQ upgrade
(to be installed in 2020 -2021)

PCle40 board, capable of reading via
high speed optical links and to write
to computer at rate of 100 Gb/s:
limited number of boards (20) enough
to read entire Belle II detector

(P.Robbe, D.Charlet et al)

considering now VTX upgrade (2025 or later)
(also luminometer LumiBelle2, P.Bambade et al)

i

-

+x half SVD combined with
PXD+beam pipe




Belle(II), LHCDb side by side

LHCb

pp>bbX
production of B*, B”, B_, B_, A, ...
but also a lot of other particles in the event

Belle (II)
e'e »Y(4S)»bb
atY(4S): 2 B's (B° or B*) and
nothing else = clean events
(flavour tagging, B tagging, missing energy
o,; ~1nb =1 fb™' produces 10° BB
~1/4

= Jower reconstruction efficiencies

o,; much higher than at the Y(4S)
Vs [GeV] | o, [nb]

_ !
Opp/ Ototal 5

HERA pA

42 GeV

~30

~10°8

Tevatron

2 TeV

5000

~103

LHC

8 TeV

~3x10°

~ 5x103

14 TeV ~6x10° ~-10*

bb production cross-section at JHCb ~ 500,000 x BaBar/Belle !!
much lower than at the Y(4S)
= lower trigger efficiencies

0-bB/O-total

B mesons live|relativey long

mean decay length gyct~ 200 um mean decay length yct~ 7 mm

data taking period(s) (displaced vertices)

[1999-2010]=1 ab™" [run I: 2010-2012]=3 fb*,
[2019-...]= ... [run II: 2015-2018] = 6 fb™!

(near )l future

[Belle II from 2019] > 50 ab™ 6 [LHCD upgrade from 2021 ]
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Lepton (non) universality using B*'+*K"1'1” decays
no evidence of New Physics in a series of ''clean'' flavor-changing observables,
such as AF=2, also b»sy but ...

|
S~
_|_

I The ''clean'' Lepton Flavor Universality ratios:
R .= Br(B>K"un)

K Br(B»K®ee)

l

™~

+

Enfrias i [20530% MeY o)

W w .
b i : s SM prediction very robust: Ry (SM) =1
t [up tiny QED and lepton mass effects]
X .F < 1 gl Belle 2019
= 1.6 X 1.6 e 4
o - Belle 2019 o ~ Preliminary
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12T 1.2
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0.8 o ' 08—
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[Belle, arXiv:1908.01848] g %%y g
r + - Beack + + 025k R g‘:’:ﬂ;j?i. R(K % st Bellel 2019
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N 0.15- B, o < (1.0,6.0) GeV? 50 confirmation SR € (15.0,19.0) GV
15—, 0.3 .
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Lepton (non) universality using B'>K"”1'1” decays

Model candidates b ’ eptoquar e
v Effective operator from Z' exchange -
v Extra U(1) symmetry with flavor dependent charge Z' >_< @
< Models with leptoquarks . \M
K H

v’ Effective operator from LQ exchange

v" Yukawa interaction with LQs provide flavor violation Leptoquarks are color-triplet bosons that

< Models with loop induced effective operator carry both lepton and baryon numbers

Lot of those models predict also LFV
b->seu,b>serx,...
(see D.Becirevic, S.Descotes-Genon's work)

v" With extended Higgs sector and/or vector like quarks/leptons

v" Flavor violation from new Yukawa interactions

G .Isidori, FPCP 2020: correlations among b-s(d)11' within the U(2)-based EFT

B, — K™ up
[D{E{l%} [Re=R_]

up (ee) T v v TU ue
b—s Rg, Rgs BoK"Y1r | B—K™®wy
o)
b—d By — uu B — 1T B—mvv E
B—muu [—»I{I{IXSM] E
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Event reconstruction in B> D" tv at B factories
(another B anomaly !)

B

tag
D(*) )
ﬂ'L hadronic tag
e~0.2%

*) semileptonic taqg
B ;2D 'tv ey >
B->D 'lv X
T2EeVV, uvy, 7_+
tnv, na’y, 3wV
(70 % of all © decays)
+
W v
H

Require no particle and no energy left
after removing B,  and visible particles of B,

main signal-background discriminator u
2

m, s = (pee - ptag - pD(*) - pl)2

il
c O

2

m
2HDM (type II): B(B»D+t'v) =G 15 |V, | f(Fy, Fy, —tan’p)
m

2
H+

uncertainties from form factors F,, and F, can be studied
with B»Dlv (more fcgm factors in B»D tv)



) T
Summary for B-»D ‘tv ) *)
; wegd v R(D(*)) _ BF(B_)D TVT)
¢ - *
: : BF(B->D"1v,)
% B [T L L
9_, [ HFLAV average sz =1.0 contours ]
0.4 — —] BaBar
| LHCbl5 _
- BBl ] R(D) = 0.440 + 0.058 + 0.042
0.35 % = R(D")=0.332 + 0.024 + 0.018
B LHCb18 ]
03 _ ' . Belle
: 5 - 1 Belle 15 | R(D)=0.375+ 0.064 + 0.026
0.25 = EEE — Beleld = had tag | R(D") = 0.293 + 0.038 + 0.015
B Bellel? 7
r verage of SM predictions HFLAV & R(D")=0.270+ 0.035 *0052
0.2 - +?1(D)Eo.2f921:_-d(fooglt ( ) _0.02°
C o femmomsres o k=% ] Belle 19 | R(D) = 0.307 + 0.037 = 0.016
0.2 0.3 0.4 0.5 R(D) SL tag |R(D")=0.283+ 0.018 + 0.014
semi-leptonic tag, PRL 124, 161803 [arXiv:1904.08794] / LHCb
e I I R(D") = 0.336 + 0.027 + 0.030
@ * BsD'lv | B
oo 2P Y mien s R(D") = 0.280 + 0.018 + 0.029
g— Il other ] %
% 100 Ml Fake D % daverage
& z R(D)=0.340 + 0.027 + 0.013
50 R(D")=0.295 + 0.011 + 0.008

0O 02 04 06 08 1 12 o o oa o og el difference with SM predictions
Fro (V) ey (GeV) is at 3o level




Hadronic full reconstruction at Belle 11

# channels # channels
(Belle) (Belle 1)

D*/D**/Dgt 18 2 | |
5 o More modes used for tag-side hadronic B
DUJ{D*U 12 17 . .
B+ = 2 than Belle, multiple classifiers
B° 14 26

Belle v1 (2004) Cut based (Veb)

Belle v3 (2007) Cut based 0.1 0.25
Belle NB (2011) Heurobayes 0.2 0.25
Belle Il FEI
(2017) Fast BDT / 0.5 0.25
o Good performances on Belle II predicted
Improvement to tagging efficiency in Belle Il beam background conditions:
Hadronic charged B Hadronic neutral B
g T T T haenne | o7 o Bdlelive
| T e without background |  § 0.62— * without background ‘
% 0.8} e with background . % 050 e with background 7
06f - Of‘; :
: 0.3F E
0.4 - : :
: 0.2F -
0.2 S - ]
I ] 0.1F E
07‘ | L1 - 1 - 1 Ll P - ] P S ESU SRS U BRI

20 30 40 50 60 70 80 90

20 30 40 50 60 70 80
:bqhw(wa purity (%)



(*) [ B.Capdevila et al,
B>K" 't< arXiv:1712.01919]

q° range for predictions for B-» Ht"t : from 4 m? (~ 12.6 GeV?) to (m, — m,)?

to avoid contributions from resonant decay greatly enhanced in NP models...
through (2S), BHy(2S), ¢(2S)>t't” - . . . .

predictions restricted to q°> 15 GeV*:

B(B>Kt 't )y, =(1.2+0.1) 107’
* 4 _ _ -7 O Ry« &R 20

B(B»K t't )g,=(1.0+0.1) 10 | Rakon 1

8 Br[Bs—11]

| W BrlB=+K"11]

B BrlB-+Krr]

O BrBs=¢11]

Br = 10¢

strategy used: [BaBar, arXiv:1605.09637 |
B fully reconstructed (had tag), t" 21" v,v,

ol backgroind :
zmi mostly B~ D(*)I\Ti, D(*)')Kll Vi

150F

4

Entries/(.0

100F

[(]]‘ el ANAD RN - -
04 02 0 0z 04 06 08 | 1.2 14 16
MLP output

BaBar's result with had tag: B(B'»K't't )<2.25x 10 at 90%CL

[Belle II, arXiv:1808.10567]
Ohservahles Belle 0.71ab~" (0.12ab~!) Belle Il 5ab~" RBelle )'-594{_]

Br(Bt — K+t7t7—)-10° < 32 < 6.5 ‘ < 2.0 ,

this is the result with had tag.... (on-going thesis at IJCLab from G.de Marino)
12




R(D’)and b2spyp =>B>Ktp
BF[B—)KT[J]x1 0° L.Calibbi et al, arXiv:1709.00692

0.7/ m
06
0.5
o 04 = R(D"™) 20
? D3: " Cy'=-Clf 20
O m cV=-ci¥ 10
0.2
: Key Features of PS?
0.1 _ BORDONE, CORNELLA, FUENTES-MARTIN, ISIDORI (2017), (2018)
DFE‘FEF Ed - common to all PS-type models
GU — D 5 o1 o TeV-scale LQ, colour-octet il ' ' N e
0. I'JI'J D 02 'U 04 ﬂ' ﬂﬁ- 0. Uﬂ U 1{] 0.12 0.14 vector and Z’ Excluded at 90% CL
s5 =E:2' e decent fit to low-energy data [ Jyo-
o large 7 — o LFV effects

specific to PS?

2
RIB. 5 +—nT)

@ hierarchical symmetry breaking

4107®
pattern relates
flavour-dependent LQ couplings i
i . ol o g 41077
to Yukawa hierarchies 107 1078 1077
e LQ coupling also to B(r = w)

13 right-handed fermions



LFV B»>Kxtl (1l =e, n) decays
[BaBar, arXiv:1204.2852]
strategy used: B fully reconstructed (had tag), t*»1"v,v,, (nn’)xv, with n>0
using momenta of K, 1 and B, can fully determine the t four-momentum

. . *
unique system: no other neutrino than the ones from one tau (# B2>tv, D”tv...)
B'— K'tu* B'— K't'u

._
1

._
=
=
— bk I
b

_,:Ll||‘rr||"[|||'|'r||""[||‘|r||'|"'||"[||||'r_|

P MeVE ]

£ 20 MeVi®

o
|

Aate, Uz
=

Ao, Ulnns

Events / 120 MeV/ic?
Events / 120 MeV/c”

f

] 11

e
a—
=
;,.n_
o
-
1

R 75 3 3

., [G.c"r’fczh “ ) B m._[C;c‘v’fczi
B(B'»K*'t pn')<4.5x 10 at 90%CL, B(B'»K"'t'p")<2.8 x 107> at 90%CL
(also results for B»K*t"e™, B3a"t"u", B2a" 1" e™ modes)

[LHCDb, arXiv:2003.04352]
Search for the lepton favour violating decay B*»K*u t* using B, decays, B_;»B K"
Br(K't"'u)<3.9x10 °at 90%CL

= can we do better ? combining hadronic tag with an more inclusive tag ?...

14



LFV B>Kl (l = Q,_u,) decavs [Belle, S. Watanuki]
focus on K (K* or K¢), t>evv, uvv, xv, pv | reptonie
b Had ronic tag Multiple tracks remained 108 % '

event is rejected.
adronic ta
__FEI

Hadronic ——

B T

dominant BG is B"»D°uv (e.g. (KnX),uv in t>nv case)

recoil mass of t unique to B»K+t'1 mode {:‘f . / & WP Signal
usually another neutrino companion (B»tv, D tv...) Zag side s [Signal]
ecay :
2 _ 2 2 * p— u
m; = mg+mg — 2 (E EKI |pB | |p1<1 | Ccos 0) CT‘;E;DD-:MEI’ 5) fs 3
" e W, p
\/— Tog side % e [D% BG]
decay
= 1=(410.1+1.5)fs
@ angle between PBHJ = pg‘thg) and p cr=122.9um
: ) 0,150
g 1 pseudo experiment with - PRELIMINARY
F -sig _ Jbr=5x105for illustration 0.08- 1 1
E'H:_ . —cf E gm I % i E |
o.12fF 3 % [ SGM:CBSeGauss | =1 L i
- QEI'I . L%}l'.l BG: 3rd ord. FI:II}' FF| 3 DG e
0.1 inai ) (T ] é
0.08F 1" | 0.04-
0.06F
0.04 o2l | 20 interval
002 L For O signal ~1 x 1075
0 ! UL @95%C.L
e IL‘-.(I.'IE ' U.-!Jd- “oo08 008 uﬁmJ
Input BR
Stat. Erroronly!—, can we do better ?



B - tagging cee [Belle (II), G.de Marino]

standard tagging methods: hadronic and semi-leptonic
other possibilities ? semi-inclusive, a.k.a c-tag...
= B-tagging... but better to talk about charged B tag or neutral B tag

: 7 o semi-inclusive, intermediate tagging method
= Purik - )
NCLUSIVE EXCLUSIVE o way to probe the tag side
PA— I PR b
ctag B*~ B’ »

T m‘*‘ff B D°X (8.6+0.7)% 8.1+1.5)%
L -

D°X 79+4)%)> (47.4+2.8)%

D'X (2.5£0.5)% (< 3.9%)
o Exploit the high B.R. of B*'»D’X DX (9.9%1.2)% (36.9%3.3)%
- reconstruct D? + inclusive X DX (7.9%£1.4)% (10£2)%
D.X (1.10+0.40)% (< 2.6%)
ALX (22 1)% (< 3.1%)
AX  (3x1)% (5.0+2.0)%

o Application in B»K~<l, where the topology with
K+1 allows looser reconstruction in B, side

1) D is reconstructed
2) Primary K and I, and t decay prong are chosen
3)''D+ X' provides the tag side B

tag

= promising avenue as much higher efficiency, though with larger background

16



B- tag_ging s [Belle (II), G.de Marino]

o BJp(uoKT 14007 By iy ee)K”

. + . B L
o probing the charged B’ properties |
o = 5.27903 +/- 0.00002 GeV/c? L = 5.279069 +/- 0.000003 GeV/c?
o + > hd > hd 1.2 :— = 0.00252 +/- 0.00002 GeV/c? L = 0.002549 +/- 0.000002 GeV/c®
o using J/yK~ as signal side (high purity) g Foa caave
g 1 Ny, = 0+/- 164 g [ Ny = 044
é 08:7 Ny, = 9241 4/ é 0.6; Ny, = 7017 4/-9
S f Sl
% 0.6 % L
i " Sk 8 020
0.4 L
SIGNAL SIDE ®od .
E 0.2~
0.2 I
g; 521 522 5.23 524 525 5.26 527 528 529 53 g.Z 521 522 523 524 525 526 527 528 529 53

M, (GeV/c?) M,, (GeV/c?)

= isolate pure B beam in data !

X (nnt: 1t Lt EE 0

\ -

D = K x™) 1

B

Everits ¢ 00018 Gewe® )
Ewernz/{1]

+

L]
0
0|

i
bt

- e ; SE L o e e e e T )
i\ / s
B-

o N\

TEE iE K

M, (GeV/c?)

w[TTTIATTTT
=]
-+

« Data

Wi 4T
%h} +%;¥%++H&+

DY — K~ zh)

Evenis [ { 0.00233333 GeWie’ 1
-] B B
L AL LA B
——
+

myy, = M +mig — 2E3E — | Py |1 Pglcosd)| 7 -

'—III._HL.I

L E_mli:rumﬂh:lu % o e (=] o a18 CEL] u;
J/y recoil mass poorly sensitive to f);ag e - Y , M(yy)GeVic
inclusive tag provides a recoil mass e
with similar resolution than hadronic tag ! wmeE Random
need to confirm that same happens for E
B->K~xl -

T m
e T E ET

M eooi{Jp) [GEV/C?]
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LFU and LFV in c~>ul’l”

recent efforts from BaBar [PRL 122, 081802, 2019]

B(D’»K n'e €")=(4.0+0.5+0.2+0.1)x10™° with 0.675<m__.< 0.875
consistent with LHCb result on corresponding muon channel

- BaBar

- D= KK oty .l. =

- RABAR
- D= K meety™

L]
I B4ABAR
I A0 - . T 3
T D — amatezu .

i

0142 014 0146 0148
] Am [GeVieY]

(4.17+0.12+0.40)x10°°

D°»>h" h*e*y", wherehand h'=K, n [PRL 124, 071802, 2020]
no signal, UL obtained (1-2)x107°

[PRD 101, 112003, 2020]

Search for lepton-ﬂavor-violating decays D’»X%e*u’,
where X’ =x° KS, K*O, po, d, ®, M
no signal, UL obtained (0 5-2. 2)>< 10°°

< | BABAR : BABAR ] - BABAR T BABAR ]

E'OD—HP@# TD' - wety? S100D’ — plet 1D = Klety '_
L i ] s 1

2 I [ 2]

. e | | :

E | || | l 1§ tIn|

= i l . l 0. p ."MT‘PHFI [I . GNHFIt- - ® IT1 ﬂ u

< BABAR BABAR — BABAR BABAR

SOED’ = n(=yy)eut  TD'— n(—rtnal)et i %10 FD’ — K et i D’ — plety

= = ]

3 = ]

8 \f ki

L T Lkt

= ] ; . [ II m»t - I H ¥ ¢ 0' T
014 0145 015 0,155 0.145 015 0155 016 : : ' ' '

Ami [GeV/c] Am [GeV/eT]

= 1-2 orders of magnitude more stringent constraints !
= Belle II should provide ULs at 10’
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La Belle (II) aventure

\ /

Belle Il Online luminosity Exp: 7-8-10-12 - All runs

- 80

74 Integrated luminosity
mm Recorded Weekly

| — Jtrecomeaat =7420007 g

Total integrated Weekly luminosity [fb=1]
Total integrated luminosity [fb™!]

Plot on 2020/07/04 05:36 ST

- SuperKEKB/Belle II just started their journey to 50 ab ™"

o NP searches in B physics with t leptons
— Sharpening our tools: B tagging is the key
— exclusive approach: hadronic/semi-leptonic tags
— more inclusive approach is promising
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